everal U.S. and northern European studies have investigated the emission of gases from livestock and poultry production systems. Typically, the gases investigated include ammonia, hydrogen sulfide, and the general class of volatile organic compounds (VOCs) associated with livestock odors (O'Neill and Phillips, 1992) . The need to study the concentrations of these gases in the community surrounding livestock and poultry operations has surfaced due to increasing pressure from community citizens and regulatory agencies fueled by health concerns/claims.
LITERATURE REVIEW
Literature exists that quantifies gas emissions, in particular NH 3 and H 2 S, from animal production systems. A very limited amount of data exists correlating these source emissions with receptor dose levels that might be experienced by receptors in the community of animal agriculture. The literature review that follows summarizes some of the available research, focusing mainly on pig production. A more extensive review of the literature can be found in Hoff et al. (2002) . Burton and Beauchamp (1986) studied the relationship between outside temperature, ventilation system response, in-house ammonia concentration, and the resulting emission of ammonia from the barn ventilation air. They reported an inverse relationship between barn ammonia concentration and outside temperature and a direct relationship between ammonia emission and outside temperature. This trend was attributed to the increased ventilation rates required during the summer to control the inside climate. Ni et al. (2000) investigated the concentration and emission rate of ammonia from a deep-pit swine finishing building with and without the presence of animals and with pits that were roughly half full (130-cm manure depth; 240-cm depth capacity). Without the presence of animals, they measured ammonia concentrations between 6 and 15 ppm with emission rates between 40 and 58 mg NH 3 h -1 m -2 (5-8 g NH 3 day -1 AU -1 ). When the buildings were re-stocked with pigs, exhaust air concentrations of ammonia were on average 15 ppm with corresponding emission rates of 233 mg NH 3 h -1 m -2 (40-50 g NH 3 day -1 AU -1 ).
Groot Koerkamp et al. (1998) conducted an extensive study of ammonia emissions from swine housing facilities. Ammonia concentrations varied between 5 and 18 ppm, with average emission rates between 649 and 3751 mg NH 3 h -1 AU -1 (16-90 g NH 3 day -1 AU -1 ). Hinz and Linke (1998) investigated the indoor concentration and emission of ammonia from a mechanically ventilated swine finishing facility during a grow-out period where pigs ranged between 25 and 100 kg. Ammonia concentration during the grow-out varied from 10 to 35 ppm and these were inversely proportional to outside temperature. Emission rate of ammonia varied from 70 g NH 3 h -1 (38 kg average pig weight) to 210 g NH 3 h -1 (83 kg average pig weight) resulting in an average ammonia emission rate of 66 g NH 3 day -1 AU -1 . Zahn et al. (2001) studied the ammonia emission rate from both deep-pit and pull-plug swine finishing facilities during summer periods. He found similar ammonia emission rates for these two facility types and grouped the emission data into an overall average of 66 ng NH 3 s -1 cm -2 (311 g NH 3 day -1 AU -1 ). Zhu et al. (2000) studied the daily variations in ammonia emissions from various mechanically and naturally ventilated swine housing systems. For a mechanically ventilated swine gestation facility, they measured ammonia concentrations between 9 and 15 ppm, with emission rates consistent at about 5 ug NH 3 s -1 m -2 (2.2 g NH 3 day -1 AU -1 ). For a mechanically ventilated swine farrowing facility, they measured ammonia concentrations between 3 and 5 ppm, with emission rates ranging between 20 and 55 ug NH 3 s -1 m -2 (15-42 g NH 3 day -1 AU -1 ). For a mechanically ventilated swine nursery facility, they measured ammonia concentrations between 2 and 5 ppm, with emission rates ranging between 20 and 140 ug NH 3 s -1 m -2 (23-160 g NH 3 day -1 AU -1 ). For a mechanically ventilated swine finishing facility, they measured ammonia concentrations between 4 and 8 ppm, with emission rates ranging between 20 and 55 ug NH 3 s -1 m -2 (10-26 g NH 3 day -1 AU -1 ). For a naturally ventilated finishing facility with pit exhaust fans, they measured internal ammonia concentrations between 7 and 15 ppm, with emission rates ranging between 60 and 170 ug NH 3 s -1 m -2 (28-80 g NH 3 day -1 AU -1 ). Osada et al. (1998) investigated ammonia emission from a swine finisher over an 8-week period comparing under-floor stored manure (reference) and under-floor manure removed weekly (treatment). They reported only slight differences in ammonia emission rates with the reference at 11.8 kg NH 3 year -1 AU -1 (32 g NH 3 day -1 AU -1 ) and the treatment at 11.0 kg NH 3 year -1 AU -1 (30 g NH 3 day -1 AU -1 ). Jacobson et al. (2005) reported emissions of ammonia from a dry sow gestation and breeding building in Minnesota with a daily mean of 15.5±6.8 g day -1 AU -1 and 22.1± 5.9 g day -1 AU -1 , respectively. reported emissions of ammonia from two deep-pit swine finishers in Iowa that averaged 50.2±21.3 g day -1 AU -1 (7.15±3.80 g day -1 pig -1 ) and 60.6±27.4 g day -1 AU -1 (7.71±4.31 g day -1 pig -1 ) for each barn monitored. Koziel et al. (2005) reported ammonia emissions from a shallow-pit pull-plug swine finisher in Texas with an average of 37.5±13.2 g day -1 AU -1 and 38.5±20.0 g day -1 AU -1 for ammonia. Jerez et al. (2005) studied the ammonia emissions from a farrowing facility in Illinois and reported an average daily emission of 12.3± 5.1 g day -1 AU -1 and 11.7±6.7 g day -1 AU -1 for ammonia.
SWINE HOUSING HYDROGEN SULFIDE EMISSIONS
The Ni et al. (2000) study measured the concentration and emission rate of hydrogen sulfide in addition to ammonia. They measured hydrogen sulfide concentrations ranging from 221 to 1492 ppb with corresponding emission rates between 1.6 and 3.8 mg H 2 S h -1 m -2 (0.22-0.49 g H 2 S day -1 AU -1 ). When the buildings were re-stocked with pigs, exhaust air concentration of hydrogen sulfide averaged 423 ppb with a corresponding emission rate of 9.4 mg H 2 S h -1 m -2 (1.25 g H 2 S day -1 AU -1 ). Zahn et al. (2001) studied the hydrogen sulfide emission rate from both deep-pit and pull-plug swine finishing facilities during summer periods and found little differences between facilities grouping the emission data into an overall average of 0.37 ng H 2 S s -1 cm -2 (1.7 g H 2 S day -1 AU -1 ). Zhu et al. (2000) studied the daily variations in hydrogen sulfide emissions from various mechanically and naturally ventilated swine housing systems. For a mechanically ventilated swine gestation facility, they measured internal hydrogen sulfide concentrations between 500 and 1200 ppb, with emission rates consistent at about 2 ug H 2 S s -1 m -2 (1 g H 2 S day -1 AU -1 ). For a mechanically ventilated swine farrowing facility, they measured internal hydrogen sulfide concentrations between 200 and 500 ppb, with emission rates consistent at about 5 ug H 2 S s -1 m -2 (4 g H 2 S day -1 AU -1 ). For a mechanically ventilated swine finishing facility, they measured hydrogen sulfide concentrations between 300 and 600 ppb, with emission rates consistent at about 10 ug H 2 S s -1 m -2 (5 g H 2 S day -1 AU -1 ). Jacobson et al. (2005) reported emissions of hydrogen sulfide from a dry sow gestation and breeding building in Minnesota with a daily mean of 1.40±0.76 g day -1 AU -1 and 1.55±0.66 g day -1 AU -1 for the gestation and breeding barn, respectively. reported emissions of hydrogen sulfide from two deep-pit swine finishers in Iowa that averaged 2.7±2.5 g day -1 AU -1 (0.40±0.46 g day -1 pig -1 ) and 4.0±3.5 g day -1 AU -1 (0.49±0.39 g day -1 pig -1 ) for each barn monitored. Koziel et al. (2005) reported hydrogen sulfide emissions from a shallow-pit pull-plug swine finisher in Texas with an average of 3.95±2.80 g day -1 AU -1 and 4.45±2.84 g day -1 AU -1 for hydrogen sulfide. Jerez et al. (2005) studied the hydrogen sulfide emissions from a farrowing facility in Illinois and reported an average daily emission of 1.5±0.7 g day -1 AU -1 and 1.5±0.7 g day -1 AU -1 for hydrogen sulfide. Svensson (1994) investigated the factors that affect ammonia volatilization and thus emission from land application of swine and cattle manure and identified meteorological factors, soil/manure characteristics, and application technique as important. Of the meteorological factors, wind speed, air temperature, and thermal stratification near the soil surface were most important. Regarding soil/manure characteristics, soil temperature, soil pH, soil porosity, and soil water content were most important. Application technique was found to have a large impact on ammonia emission rates. Svensson (1994) conducted a series of controlled experiments to quantify the influence of these factors by recording the equilibrium ammonia concentration above the soil after a land application event. This equilibrium ammonia concentration was then used to determine the relative potential of ammonia emission rates from land application of both cattle and pig slurry. Soil temperature was found to be a critical factor. At soil temperatures of 24°C, the equilibrium ammonia concentration was over three times that of soil temperatures at 14°C (18 vs. 5 ppm ammonia). Manure solids content was also found to be an important contributor to ammonia emission. Pig slurry of 5.4% solids had an equilibrium ammonia concentration of about 4 ppm, and this increased to 23 ppm for pig slurry at 14.4% solids. Application technique had the largest effect on equilibrium ammonia concentration above the soil surface after spreading. If the slurry was injected, the average equilibrium ammonia concentration 1 h after land application was less than 1 ppm. If this same slurry was surface-applied with no soil coverage, the equilibrium ammonia concentration 1 h after land application rose to 39 ppm. Svensson (1994) further investigated the influence of land application technique using pig urine only. If urine was broadcast spread with no follow-up cover, ammonia was emitted at about 700 g NH 3 h -1 ha -1 during the first 4 h. If this same slurry was broadcast spread with immediate covering via harrowing, ammonia emission reduced to about 120 g NH 3 h -1 ha -1 over the same time period, representing an 83% reduction. Hanna et al. (2000) compared odor, NH 3 and H 2 S concentrations near the surface of broadcast and injected swine manure and reported a 20% to 90% reduction in concentration near the soil surface if injected. Koziel et al.(2004) studied the seasonal variations in ambient ammonia and hydrogen sulfide at a fence-line adjacent to a 50,000-head cattle feed yard in Texas. They reported average hourly fall, winter, and spring ammonia concentrations of 429, 475, and 712 ppb, respectively, with average hourly hydrogen sulfide concentrations of 7.73, 0.73, and 2.45 ppb, respectively. The highest hourly average ammonia and hydrogen sulfide concentrations measured were 5,270 and 34.9 ppb, respectively. The lowest concentrations were always measured during the night most likely the result of lowered volatilization.
AMMONIA EMISSIONS DURING LAND APPLICATION OF LIVESTOCK MANURE

AMBIENT AMMONIA AND HYDROGEN SULFIDE CONCENTRATIONS IN THE VICINITY OF ANIMAL AGRICULTURE
McGinn et al. (2003) studied ammonia and selected volatile fatty acids adjacent to a 6,000-, 12,000-, and 25,000-head beef feedlot and reported 2-to 3-day average downwind ammonia concentrations of 130, 813, and 459 mg NH 3 -N m -3 , respectively. The highest average concentration for the 12,000-head feedlot was associated with the most densely populated feedlot of the three studied (13.3 m 2 animal -1 vs. 20.0 m 2 animal -1 and 25.6 m 2 animal -1 for the 6,000-and 25,000-head feedlots, respectively).
SUMMARY
The literature cited indicated large variations in reported NH 3 and H 2 S emissions with an expected range of ammonia emissions that varies from approximately 2 g NH 3 day -1 AU -1 (gestation) to 311 g NH 3 day -1 AU -1 (deep-pit or pull-plug finishing) and an expected range of hydrogen sulfide emissions that vary from approximately 1 g NH 3 day -1 AU -1 (gestation) to 5 g NH 3 day -1 AU -1 (deep-pit or pull-plug finishing). From land application events, less information is known but the expected NH 3 emission reported was from a maximum of 700 g NH 3 h -1 ha -1 immediately after surface applying urine to the soil and as low as 120 g NH 3 h -1 ha -1 if the slurry was broadcast spread with immediate covering via harrowing. We were unable to find information on the associated ambient concentrations of NH 3 and H 2 S at static receptor locations with simultaneous source emission measurements.
PROJECT OBJECTIVES
The objectives of this research were to (1) quantify the downwind occurrences between a single static receptor as a function of two swine finishing facilities and one large land application area, (2) compare the ammonia and hydrogen sulfide concentrations inside and outside of the static receptor 's residence as a function of downwind and non-downwind events, and, (3) provide correlations that signify atmospheric downwind events that result in the highest ammonia and hydrogen sulfide concentrations measured at the receptor.
MATERIALS AND METHODS
This research project was conducted near and within a residence in Hamilton County, Iowa, where the potential for gas emissions from multiple agricultural operations existed. Hamilton County, Iowa is an area with 467,000 pigs (310 pigs/km 2 ), ranked fifth in Iowa and twelfth nationally (USDA, 2007) . The specific residence monitored was located in an area with 9,600 finishing pigs within 805 m (4717 pigs/km 2 ). The residence occupants were nonsmokers, central air-conditioning was used, and there was one inside pet (feline) with a litter box located in the basement. The residence monitored, relative to the surrounding sources, is shown in figure 1. A Mobile Ambient Laboratory (MAL) was positioned in the driveway of the residence with one gas sampling tube positioned outside the home (i.e., ambient, AB) and two sampling tubes located inside the home. The home sampling points were the basement (BS) and living room (LR). The BS sample location was within 7 m of the feline litter box at a height of 2 m. The LR sample location was located on the main floor of the two-story home 7.5 m from all cooking utilities, was within 3 m of the linoleum kitchen floor, and was at a sample height of approximately 0. Teflon tubing (9.5-mm outside diameter) was used to sample all air and was fitted with a 0.45 -micron particulate filter at the tube entrance. The sampling lines were not heated but checked twice daily for condensation with no condensation reported. Air was sampled in a sequence of 120, 30, and 30 min for the AB, BS, and LR locations, respectively, using a series of solenoids arranged in a bypass pumping arrangement similar to the procedure specified in Heber et al. (2002) and Jacobson et al. (2003) . A series of stabilization runs were conducted where it was determined that a 20-min stabilization time was required for switching stability. The final 100, 10, and 10 min were subsequently used as acceptable data for the AB, BS, and LR sampling events, respectively. Bypass pumping through each inactive sample line was done at a rate of 1.8 L min -1 , with sampling of the active sample point at 4.2 L min -1 . Bypass pumping was used to ensure that each sample line had a representative concentration of sample air when the solenoid for each sample point was activated, decreasing the response time of the analyzers.
The 1-min averages were stored from 2 August 2003 to 7 November 2003. A total of 788 2-h measurements were collected at the AB sampling point, 786 30-min measurements at the BS sampling point, and 482 30-min measurements at the LR sampling point. The MAL was designed as a self-contained laboratory complete with all required HVAC equipment, data acquisition/computer needs, and all required sampling hardware.
Ammonia was measured with a chemiluminescence-based analyzer (Model 17C; Thermo Scientific, Inc., Waltham, Mass.) and hydrogen sulfide was measured with a pulsed-fluorescence-based analyzer (Model 45C; Thermo Scientific, Inc.). All data were collected in real-time (Field Point Model 1600; National Instruments, Inc., Austin, Tex.) using customized software. Two-point calibrations were conducted for ammonia at 0 and 800 ppb with hydrogen sulfide calibrated at 0 and 200 ppb using a gas dilution system (Models 700/701; Teledyne, Inc., Thousand Oaks, Calif.). All calibration gases used were double-certified EPA-Protocol (Matheson Gas, Inc., Irving, Tex.). Calibrations were conducted at approximately 3-week intervals.
Meteorological data were measured with an on-site weather station (MET) positioned at a height of 1.5 m above the ground, at a location with no obstructions within 40 m, and a clear line-of-sight to all three emission sources. This location and height was selected to best represent atmospheric conditions present near the receptor during sampling. Variables measured included temperature and relative humidity (Model HMP45C; Vaisala, Inc., Woburn, Mass.), solar radiation (sun+sky; Model LI200X; LI-COR, Inc., Lincoln, Nebr.), and wind speed/direction (Model CS800; Climatronics, Inc.). All data were collected at 1-s intervals, with the 1-min average stored for analysis.
THE EMISSION SOURCES
Three primary swine emission sources were present near the residence ( fig. 1 ). These sources were identified as North Barn (NB), East Barn (EB), and Land Application (LA). The NB (1998 built) and SB (1999 built) sources were deep-pit swine finishing barns with each site consisting of four 1200-pig capacity barns, 15 m wide × 61 m long, and a 20-m separation between barns. All barns used one year, below-floor manure storage (i.e. deep-pit) and were all tunnel ventilated. All manure was injected during land application using a disc-based tool bar (J Houle & Fils, Inc., Drummondville, Quebec, Canada). The nearest line-of-sight distance from each emission source to the residence was 699 m (NB), 670 m (EB), and 92 m (LA). The wind directions causing the residence to be downwind from these three primary sources were between 338° and 346° (NB), between 76° and 84° (EB), and between 116° and 225° (LA). Land application of swine manure occurred between 11 and 30 September 2003. No specific measurements were collected at any of the emission sources.
RESULTS
GENERAL ATMOSPHERIC CONDITIONS
Wind speed (WS) data were grouped by calm (WS v 0.45 m s -1 ), low (0.45 < WS v 2 m s -1 ), and high (WS > 2 m s -1 ) levels for this study. During this three-month sampling period the WS was calm 6.8% of the time (table 1) . Wind speeds were low 56.4% of the time with 66.1% of these wind speeds occurring during low solar conditions, defined for this study as being <10 W m -2 .
The AB sampling location was downwind from NB and EB 5.6% and 4.5% of the time, respectively (table 2), based on the specific wind origination directions described previously. The AB sampling location was downwind of the land application area, during land application periods (11 to 30 September 2003), 10.7% of the time. In total, the residence was downwind from one of the three sources 20.8% of the time during the monitoring period. Of the 20.8% total downwind time, 12.6% of the downwind events occurred with low solar conditions (<10 W m -2 ; 4.2% NB, 1.8% EB, 6.6% LA) and 8.6% of the downwind events occurred with combined low solar and low WS conditions (3.0% NB, 1.6% EB, 4.0% LA).
AMMONIA CONCENTRATION RESULTS
NH 3 concentration averaged 22, 280, and 98 ppb for the AB, BS, and LR sample locations, respectively (table 3) , and these were all significantly different (p < 0.01). The maximum 1-min average NH 3 concentration ranged from 445 ppb for the AB location to a high at BS that exceeded the 5000-ppb range limit of the analyzer. When the residence was downwind of either building source (NB or EB), the NH 3 concentration averaged 24, 239, and 84 ppb for the AB, BS, and LR sample locations, respectively. When the residence was not downwind of any of the three sources, the NH 3 concentration averaged 22, 282, and 99 ppb for the AB, BS, and LR sample locations, respectively. When the residence was downwind during LA periods, NH 3 averaged 21, 201, and 91 ppb for the AB, BS, and LR sample locations, respectively. The AB concentration differences were not significant (p > 0.30) for the downwind/not downwind comparisons. The BS and LR concentration differences were not significant (p > 0.05) comparing downwind/not downwind events.
Based on solar conditions, no significant differences were found (p > 0.08) between low solar (<10 W m -2 ) and high solar (w10 W m -2 ) conditions for both the AB and BS sampling locations with significant differences found (p < 0.01) for the LR sampling location (113 ppb high solar, 85 ppb low solar).
Based on wind speed, no significant differences (p > 0.10) were found for the BS or LR sampling locations comparing calm versus non-calm (WS > 0.45 m s -1 ) wind speeds. Significant differences were found (p < 0.01) in the AB NH 3 concentration during calm (35 ppb) and non-calm (21 ppb) conditions.
Figures 3a and 4 summarize specific atmospheric conditions and the resulting ambient ammonia concentration. Figure 3a is a plot of the valid AB ammonia data collected with figures 4a to 4d summarizing AB ammonia for all (a) downwind building events (NB or EB) with non-calm wind speeds (WS > 0.45 m s -1 ), (b) all downwind land application area events (LA) with non-calm wind speeds, (c) all calm (WS v 0.45 m s -1 ) and low solar (solar < 10 W m -2 ) events, and (d) all measurements collected with non-downwind events with non-calm wind speeds (WS > 0.45 m s -1 ). As shown in figures 3a and 4c, the AB ammonia [a] The Pasquill-Gifford atmospheric stability class shown in parenthesis (Beychok, 1994) . [b] Incoming solar insulation limits used (see Beychok, 1994, pg. 8) : strong (>598 W/m 2 ), moderate (301-598 W/m 2 ), and slight (<301 W/m 2 ). For this study the sub-category of <10 W m -2 was used to define nighttime. [c] Defined as calm. [d] Defined as low.
Table 2. Atmospheric conditions of solar radiation and wind speed for all downwind events grouped by gas emission source (percent time).
Atmospheric stability class (see concentrations measured during calm and low solar conditions accounted for much of the elevated AB ammonia measurements. If a cut-off of 50 ppb NH 3 is used to detect a downwind event during measurements with a non-calm wind speed (WS > 0.45 m s -1 ), then the AB location experienced 820 min at this level from either building source and 137 min at this level from the LA area during LA periods (11 to 30 September 2003) . During calm WS conditions, 690 min of NH 3 > 50ppb were measured at AB. In total, the AB location experienced an NH 3 concentration greater than 50 ppb for 2.9% of the time.
HYDROGEN SULFIDE CONCENTRATION RESULTS
H 2 S concentration averaged 0.4, 0.0, and 0.1 ppb for the AB, BS, and LR sample locations, respectively (table 4), and these differences were not significantly different (p > 0.10).
The maximum H 2 S concentration ranged from 3.5 ppb for the BS location to 32.8 ppb for the AB sample location. When the residence was downwind of either building source (NB or EB), the H 2 S concentration averaged 0.6, 0.0, and 0.0 ppb for the AB, BS, and LR sample locations, respectively. When samples were collected during those times when the residence was not downwind of any of the three sources, the H 2 S concentration averaged 0.2, 0.0, and 0.0 ppb for the AB, BS, and LR sample locations, respectively. These differences were significant (p < 0.01) for the AB location but not for the BS or LR locations (p > 0.30). When the residence was downwind during land application events (LA), the H 2 S concentration averaged 0.0, 0.0, and 0.0 ppb for the AB, BS, and LR sample locations, respectively.
Based on solar conditions, no significant differences were found (p > 0.30) between low solar (<10 W m -2 ) and high solar conditions for both the BS and LR sampling locations. Significant differences (p < 0.01) were found in the H 2 S concentration between low solar and high solar conditions for the AB sampling location with significantly higher concentrations measured during low solar (0.4 ppb) as compared to high solar conditions (0.0 ppb).
Based on wind speed, no significant differences (p > 0.30) were found for the BS and LR sampling locations comparing calm (WS v 0.45 m s -1 ) versus non-calm (WS > 0.45 m s -1 ) wind speeds. Significant differences were found (p < 0.01) in the AB H 2 S concentration with significantly higher concentrations measured during low wind (1.1 ppb) as compared to high wind conditions (0.1 ppb).
Figures 3b and 5 summarize specific atmospheric conditions and the resulting ambient hydrogen sulfide concentration. Figure 3b summarizes all of the AB hydrogen sulfide data collected with figures 5a to 5d summarizing AB hydrogen sulfide for all (a) downwind building events (NB or EB) with non-calm wind speeds (WS > 0.45 m s -1 ), (b) all downwind land application area events (LA) with non-calm wind speeds, (c) all calm (WS v 0.45 m s -1 ) and low solar (solar < 10 W m -2 ) events, and (d) all measurements collected with non-downwind events with non-calm wind speeds (WS > 0.45 m s -1 ). As shown in figures 3b and 5c, as with AB ammonia, the AB hydrogen sulfide concentrations measured during calm and low solar conditions accounted for much of the elevated AB hydrogen sulfide measurements. If a cut-off of 3 ppb H 2 S is used to detect a downwind event during measurements with a non-calm wind speed (WS > 0.45 m s -1 ), then the AB location experienced 594 min at this level from either building source and 16 min at this level from the LA area during LA periods (11 to 30 September 2003). During calm WS conditions, 384 min of H 2 S > 3ppb were measured at AB. In total, the AB location experienced an H 2 S concentration greater than 3 ppb for 1.8% of the time.
DISCUSSION
The highest concentrations of H 2 S in the ambient air near the residence (AB) occurred for combinations of low solar and calm wind speeds (table 5 and fig. 5c ). Table 5 summarizes this trend by compiling the average solar and wind speed conditions that resulted in different levels of ascending concentrations of H 2 S (and NH 3 ). As shown in table 5, there is a very clear trend in the solar and wind speed conditions that resulted in higher AB concentrations of hydrogen sulfide at the residence location. For AB H 2 S levels above 1 ppb, the average solar radiation was 9 W m -2 with a maximum of 565 W m -2 . The wind speed conditions on average were low at 0.8 m s -1 with a maximum of 4 m s -1 . For the entire 55,979 min of monitoring, 14-min of AB measurements were at or above 20 ppb (ATSDR MRL concentration for intermediate exposure) with 100% of these readings occurring at night (0 W m -2 ). During these 14-min, the average wind speed was 0.54 m s -1 with a maximum of 2.8 m s -1 . When AB measurements exceeded 30 ppb (2 out of 55,979 min), the average wind speed was calm (0.1 m s -1 ). The trends were the same for AB ammonia as shown in table 5 and figure 4c. The average solar level for AB ammonia concentrations >25, >100, >150, and >300 ppb were 163, 85, 0, and 0 W m -2 , respectively. The average wind speed for these three concentration ranges was 1.4, 1.1, 0.6, and 0.4 m s -1 , respectively.
The indoor H 2 S concentrations (BS and LR) were very low with no observable correlation to outside weather conditions. The ambient H 2 S concentration was significantly higher (p<0.01) during downwind low solar and calm wind speeds although the actual differences were small (0.6 vs. 0.2 ppb).
The indoor ammonia concentrations (BS and LR) were at times very high and unique relative to AB ammonia conditions. Figure 6 summarizes the time series measurements of ammonia for the (a) BS versus AB, (b) LR versus AB, and (c) LR versus BS sampling locations. Figure 6 summarizes the data collected between 7 September 2003 and 7 November 2003 representing the time when all three sample locations were being monitored. A careful review of the data indicates that elevated BS or LR ammonia concentrations did not correspond to elevated AB measurements (figs. 6a and 6b, respectively). Likewise, elevated BS ammonia concentrations did not correspond to elevated LR concentrations ( fig. 6c) . The results from figure 6 imply that elevated AB, BS, and LR measurements were the result of immediate airspace events with each of the three areas acting independently of the other. The elevated BS ammonia levels were most likely the result of the feline litter box but these elevated ammonia concentrations apparently did not result in elevated LR ammonia concentrations. It is interesting to note that in every case, the elevated LR concentrations occurred during the morning (08:12 to 08:22), mid-day (11:14 to 11:39), late afternoon (16:31 to 17:36), or early evening (20:16 to 20:31).
MEASURED NH 3 AND H 2 S CONCENTRATIONS RELATIVE TO MINIMUM RISK LEVELS
The Agency for Toxic Substances and Disease Registry (ATSDR, 2007) recommends that the acute exposure MRL (continuous exposure from 1 to 14 days) to H 2 S be limited to 70 ppb and the intermediate exposure MRL (continuous exposure from 15 to 364 days) be limited to 20 ppb. For the monitoring period summarized, fourteen 1-min H 2 S readings at the AB sampling location were >20 ppb with the ATSDR recommends that the acute exposure MRL (continuous exposure from 1 to 14 days) to NH 3 be set at 1700 ppb and the chronic MRL (continuous exposure for 365 days or more) be set at 100 ppb. For the monitoring period summarized, none of the 1-min NH 3 readings exceeded 1700 ppb. Thirty-two 1-min readings at the AB sampling location were >300 ppb, with the maximum at 445 ppb.
The NH 3 concentration measured at the BS sampling location exceeded the ATSDR recommended long-term MRL concentration (100 ppb) 11.7% of the time. The acute concentration MRL concentration of 1700 ppb was exceeded at the BS sampling location 2.1% of the time (329 out of 15,513 min). No concentrations were measured for the LR sample location above the acute MRL concentration for NH 3 and H 2 S. The data suggests that the concentration trends clearly do not represent the continuous exposures implicit in the use of an MRL.
CONCLUSIONS
A monitoring effort was conducted to determine the influence that multiple swine emission sources would have on the quality of ambient and inside home air quality for one community residence. The results from this monitoring effort indicate: S Indoor concentrations of NH 3 are substantially independent of ambient NH 3 concentrations but are affected dramatically by a combination of the residents' emissions, domestic animal emissions, and recirculation of air through the central AC system. S Indoor, residential concentrations of H 2 S within 92 m of a nearby land application area and within 699 m of swine housing units were substantially independent of emissions from, and ambient concentrations associated with, those sources. S Based on conservative, continuous-exposure thresholds recommended by ATSDR, emissions of NH 3 and H 2 S from swine buildings and land-application areas studied in this research do not appear to produce downwind, ambient concentrations that would have human-health implications for residents nearby. S Significantly higher (p < 0.01) ambient hydrogen sulfide concentration was found under either low solar (<10 W m -2 ) or calm (v0.45 m s -1 ) atmospheric conditions.
